Objective: To investigate the associations between nutrition risk status, body composition and physical performance among community-dwelling older New Zealanders.
T he number of community-dwelling older New Zealanders in need of care and requiring residential care has increased, 1,2 and concerns are arising over how to ensure older adults remain healthy and independent in the community (ageing in place). A decline in health status with ageing is often associated with changes in body composition and loss of functional status. 3 Maintaining good health is more challenging for those of advanced age (85years), 4 and this is the most rapidly expanding age group in New Zealand. 5 A decline in health with advancing age is partly attributable to increased inflammation and number of comorbidities, many of which may be irreversible. 6, 7 Decline in nutritional status is a modifiable risk factor that directly affects the development of malnutrition which, in most cases, is amenable to intervention. [8] [9] [10] It is important to identify nutritional vulnerability among community-dwelling older adults, so that preventative or supportive strategies can be implemented when needed. 11 The
Mini Nutritional Assessment Short Form (MNA®-SF) is the most frequently used tool for nutrition risk screening in older adults. 12 As body mass index (BMI) is incorporated into the MNA®-SF tool, the use of additional body composition assessments may help elucidate the association between individuals' nutrition risk and measures of body mass. Similar to younger adults, early undesirable changes in body composition in older adults can be indicated by a decline in muscle mass or fat-free mass (FFM). 13 In older adults, evidence suggests that not only FFM but a higher total body mass, particularly a BMI ≥23kg/ m 2 , is protective against all-cause mortality. 14 However, the protective effect of greater BMI against mortality in relation to physical function is still not clear. 14 Despite being acknowledged as a significant indicator of decline in health status and life expectancy in older adults, physical functioning assessments are not always conducted in geriatric assessment settings. 15, 16 Compared to self-reports, physical performance assessments such as gait speed and the five-times-sit-to-stand test (FTSTS) provide more robust estimates of physical functioning. 17, 18 Gait speed and the FTSTS are two of the three components of the short physical performance battery (SPPB) tool, which was developed to assess lower extremity function in older adults. 19 Gait speed is an independent predictor of adverse health events including falls, morbidity, long-term residential care admission and mortality. 20, 21 The FTSTS is an adequate substitute to gait speed assessment [20] [21] [22] and a validated predictor of dynamic balance in older adults. 23, 24 Nutrition screening studies in New Zealand have reported that about one-third of community-dwelling older adults are at nutrition risk. [25] [26] [27] [28] While prevalence has been determined, the association between nutrition risk and physical performance remains unknown. The aim of this study was to evaluate the associations between nutrition risk status, body composition and physical performance (gait speed and FTSTS).
Materials and methods

Study design and recruitment
A cross-sectional study was conducted among 257 community-dwelling older adults living in Auckland, New Zealand. Older adults aged ≥75 years, or ≥65 for Māori or Pacific ethnicity, living within the Waitemata District Health Board catchment area were recruited. A younger age group was included for Māori and Pacific participants as they have a lower life expectancy compared to other ethnicities. 29 Participants were excluded if they had any known swallowing impairment or pre-existing cognitive impairment or presented with a voice box tumour, if they were receiving psychiatric care for conditions affecting nutritional intake (e.g. anorexia nervosa), enteral/parenteral nutritional support or palliative care, or if they had any malabsorption syndromes.
Two medical centres in Auckland provided a confidential list of 1,028 registered patients aged ≥75 years (or ≥65 for Māori or Pacific ethnicity). Both medical centres are geographically located in one district health board (Waitemata) and serve the same communities and overall population. These urban general practices were selected because of their size (being medium to large practices serving more than 5,000 patients), and proximity to each other (about 2.1km apart). A total of 549 older adults were invited by a phone call or a letter to participate in the study; 278 agreed to participate and 257 completed the study (Figure 1 ). Written consent was obtained prior to data collection.
Ethical approval was gained from the Health and Disability Ethics Committee: Northern A (Application 14/NTA/70). 
Data collection
Muscle strength
Muscle strength was assessed using hand grip strength. 21 A hand grip dynamometer, Jamar Hydraulic Dynamometer (model #5030J1, Sammons Preston, USA) was used. The measurement procedure used conformed to the standard approved by the American Society of Hand Therapists (ASHT) 36, 37 and the mean of three measurements from the dominant hand was recorded. A cut-off point of <20kg for women and <30kg for men indicated low muscle strength and risk for sarcopenia.
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Physical performance: Gait Speed
The 2.4m (8 foot) walk test was performed twice and the fastest walk was used for gait speed (m/s) analysis. 38 Gait speed is a validated measure of physical performance that assesses the lower extremity muscle function. 21, 38 A cut-off point of <0.8 m/s indicated low physical performance and risk for sarcopenia. 21 
Physical performance: Five-times-sit-tostand test (FTSTS)
The FTSTS was performed according to the standard protocol. 19 FTSTS is a validated measure of physical performance that assesses the lower extremity muscle strength 21 and predicts dynamic balance. 23 Completion of the FTSTS in ≥17 seconds indicated low physical performance. 20 
Inflammatory status
Presence of inflammation was assessed through quantifying serum levels of C-reactive protein (CRP). 39 Serum CRP levels were determined by rate nephelometry for a quantitative measurement and a CRP ≥10 mg/L was considered an indicator for inflammation.
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Statistical analysis
Continuous data were assessed for normality using Shapiro Wilcoxon tests. 
Results
Overall, there were 257 community-dwelling participants, median age 79 (IQR 7) years. About 47% were men. Figure 1 summarises the participant recruitment process.
Participant characteristics
The demographic, health and physical characteristics of the participants are summarised in Table 1 . Presence of inflammation was identified in 10% of the participants (CRP ≥10 mg/L). Fortyone per cent were dentate and about 7% were at dysphagia risk (EAT-10 ≥3). Onethird (31%) of the participants had at least five comorbidities (mainly cardiovascular and blood disorders, diabetes and other endocrine disorders, musculoskeletal disorders including osteoarthritis and rheumatoid arthritis). Half (51%) were taking five or more medications, and one-quarter (26%) had normal cognitive status according to the MoCA. About one in ten participants (11%) demonstrated low gait speed (<0.8m/s) and about 16% required help with activities of daily living (ADL). About 71% had low hand grip strength. 
Nutrition risk status associations with participants' characteristics
Physical performance and associated factors
Based on gait speed and FTSTS, low physical performance was identified in 11% and 37% of the participants respectively ( Table 3 ).
Discussion
Among 257 community-dwelling older adults (median age 79 years, 46.7% men), 12% were either malnourished (1%) or at risk of malnutrition (11%). Meta analyses of studies on community-dwelling older adults using the MNA® (Short Form and Long Form) observed a higher prevalence of malnutrition (2-3%), and at risk of malnutrition (26%). 41, 42 Our study is the first to use the MNA®-SF among community-dwelling older New Zealanders. Findings differ from previously reported nutrition risk prevalence rates (30-60%) in New Zealand using the Australian Nutrition Screening Initiative (ANSI) and the Seniors in the Community: Risk Evaluation for Eating and Nutrition (SCREEN-II) tools. [25] [26] [27] [28] These three tools focus on three domains: weight change, current food intake and risk factors for food intake. In addition to these factors, the MNA®SF also considers individuals' neuropsychological, psychological stress and acute disease parameters. Therefore, while our study is not population representative (due to the smaller sample size), the lower prevalence observed in the current study may be a result of a difference between the nutrition screening tools used. Additionally, this may reflect a healthy volunteer effect or recruitment bias. 43, 44 Half of the participants declined to participate and indicated that they were not interested, not available at appointment times or were too unwell.
The prevalence reported in our study is, however, similar to that reported in two previous studies, which included similar sample sizes and also used the MNA®SF, where older participants (mean age 81 years) were described as healthy and/ or functional. 45, 46 In these studies of 225
Australian and 272 German participants, less than 1% were malnourished and 11-16% were at risk of malnutrition. 45, 46 In our recently published study that assessed nutrition risk of older adults (mean age 84 years) at hospital admission, about 27% were identified as malnourished and 47% at risk of malnutrition. 47 Most (88%) participants were admitted from the same community (Auckland) as the current study, suggesting that prevalence of nutrition risk among community-dwelling older New Zealanders is especially high among those who are unwell. 47 Nutrition risk was less likely to occur among adults younger than 85 years when compared to those of advanced age, and the odds for nutrition risk increased with every yearly increase in participants' age. This finding agrees with previous studies that report a significant increase in community nutrition risk with advancing age. 48, 49 With advancing age, food intake tends to decline due to a combination of factors including anorexia of ageing, poor oral health, change in taste sensitivity, depression, and increased comorbidities and medications taken, which altogether influences appetite. [50] [51] [52] [53] Therefore, as the 85 years and over population is quickly increasing, 29 identifying those at risk is a priority. We found vascular disorders and diabetes were the most frequently observed conditions, which complements a previous report where cardiovascular disease and diabetes were independent predictors of nutrition risk in older new Zealanders. 27 A healthy physical performance (gait speed ≥8m/s), was associated with lower odds for nutrition risk. While this supports findings from several longitudinal studies indicating that a decline in physical functioning is a key risk factor for malnutrition in older 52 the exact direction of the association between malnutrition and low physical performance remains unclear. Inadequate nutrient intake, particularly protein, can lead to sarcopenia or loss of muscle mass, which influences physical functioning. 54, 55 However, regardless of direction, this finding supports the importance of conducting physical performance assessments in geriatric assessment settings. 16, 20 We found that at least one in ten (11%) participants had low gait speed indicative of low physical performance. Inadequate space is reported to be one of the challenges towards performing physical performance tests such as gait speed. 16 Space limitations can be overcome by conducting the FTSTS, which is a consistent determinant of gait performance 56 and an adequate substitute for gait speed for physical performance assessment. [20] [21] [22] We observed a correlation between these two measures, (r=0.52, p<0.001). Notably, the FTSTS performance tends to depend on multiple psychological and physiological processes including sensation, speed and balance. 57 Additionally, compared to gait speed, performing the FTSTS requires more motor activity and muscle performance. 56 This may elucidate our finding for lower participant performance on FTSTS compared to gait speed, i.e. low physical performance was identified through the FTSTS in 37% of the participants. However, both gait speed and FTSTS are efficient and costeffective methods of assessing physical performance, [20] [21] [22] and may help identify older adults at risk for inability to perform ADL. 58 Identifying risk is a key preventative measure to ensure older adults are able to undertake food-related activities, which are key to ensuring adequate food intake and preventing malnutrition. 59 We found that gait speed was positively correlated with all body mass measurements, i.e. muscle mass, percentage body fat and BMI. This is in line with previous studies that report the protective action of a moderate increase in BMI, 60 and positive associations between increasing BMI and improved functional status. 61 Indeed, in younger adults, focus is placed on increasing muscle mass, and, in some cases, dietary restrictions. However, in older adults, it may be important to devise strategies that promote whole body mass maintenance and/or gain to achieve optimum health. In fact, with increasing age, restrictive diets tend to be less effective towards preventing morbidity or promoting quality of life. 62 Since weight loss is a defining characteristic of malnutrition, 63 it appears paramount to at least conduct nutrition screening among underweight older adults. The protective effect of a higher BMI against morbidity and mortality in older adults 60, 61 may be due to its association with healthier physical performance.
We found greater muscle mass positively correlated with muscle strength, which is important in preventing swallowing difficulties. 64 Our data shows that participants who reported normal swallowing (no dysphagia), had lower odds of being at nutrition risk, as has been previously reported. 65, 66 The findings indicate the existence of a vicious cycle between poor physical functioning, body composition (muscle mass) and nutrition risk status. Although it is well-known that impaired swallowing can cause decline in food intake, swallowing problems are not often assessed among ambulatory patients, and older adults may not report problems as they consider swallowing difficulties a normal part of ageing. 67 In many cases, those who struggle with swallowing self-modify their diet, often resulting in exclusion of foods that prevent the individual experiencing choking events or discomfort. Adults with swallowing difficulties tend to report low meal enjoyment and low food intake. 68 Altered diets can contribute to incomplete nutrition and particularly muscle loss, and the resultant weakness may further diminish swallow strength and reduce overall dietary intake. 69 Muscle strength as measured by hand grip strength is a marker for nutrition status. 70 Unexpectedly, we found no association between low muscle strength and nutrition risk. In comparison to the other measures of physical functioning we assessed, the high prevalence of low muscle strength (71%) we observed appears to be an anomaly. Our assessments for grip strength conformed to the ASHT protocol 37 and the ASHT considers the Jamar hand dynamometer as the gold standard for assessing hand grip strength. 36 However, previous research indicated the recording errors that can occur when using this dynamometer, 36 some of which cannot be ruled out in the current study. For example, about 1.4kg to 1.8kg of force is required to produce an accurate reading. 36 Although not specified in the ASHT protocol, some studies have reported the importance of including verbal encouragement as a way to ensure the optimum hand grip strength is recorded. 36, 71 This study has several strengths. Our methods incorporated objective physical performance tests, which are more robust in assessing physical functioning, compared to questionnaires. 17, 18 Furthermore, the physical assessments enabled us to evaluate both upper and lower body functioning. 19, 23 Several factors were used to assess decline in health status including blood biomarkers, physical functioning, body composition, comorbidities, medication and participants' self-reports, which provides a platform to better understand associations between nutrition and health status. Body composition (not just BMI) was assessed, with the aim of counteracting the limitations of using BMI alone in older adults. The main outcome measure (nutrition risk status) was assessed using a validated and widely used tool (MNA®SF). Limitations of this study include the smaller sample size, recruited from one district health board, which may be inadequate to detect the true nutrition risk status of older New Zealanders. The sample could demonstrate clustering in participants characteristics due to the practice-based recruitment method used. The cross-sectional nature of the study limits the ability to detect causality; hence, only associations were discussed. The distribution of the study sample across ethnicities was not even; therefore, it is difficult to generalise study findings to other ethnic groups, particularly Māori and Pacific.
Conclusion
The current study is the first to report an association between low nutrition risk and better physical performance among community-dwelling older New Zealanders. A positive correlation between improved physical performance and higher BMI adds to the body of evidence for the protective effect of a higher BMI in older adults. In addition to better physical performance, low nutrition risk status was associated with a younger age, particularly <85 years, healthier body composition and low dysphagia risk. Collectively, these findings can assist in designing nutrition-related interventions aimed at supporting ageing in place. Screening and/or assessment of nutrition and physical performance status are costeffective and efficient procedures, which may enable timely implementation of appropriate interventions for attaining or maintaining independence with ageing. 
